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The demonstration of compact, globular or ellipsoidal protein molecules by 
means of Svedberg's ultracentrifuge method (1)  in conjunction with diffusion 
measurements,  and,  arising  from this,  the  conception  of linkages  other than 
peptide bonds which hold the amino acids together in a  definite three-dimen- 
sional configuration have offered a  new problem for serological investigation. 
While previously proteins were commonly conceived as a linear arrangement of 
amino acids in peptide  linkage,  the  question  now arose whether  or  to  what 
extent a higher organization of the molecule influences the serological properties 
of protein antigens, and antibodies.  An approach seemed possible through in- 
vestigations of monomolecular films, where the globular shape is changed  into 
a  flat layer, and by consideration of the serological changes occurring in  pro- 
teins  upon  denaturation,  a  process  in  which  a  disruption  of  non-covalent 
linkages has likewise been assumed (Wu (2), Mirsky and Pauling (3)). 
Preliminary experiments along these lines in which monomolecular films of 
ovalbumin were observed to exhibit specific reactions have been briefly reported 
by us (4), and the present paper represents an extension of this work. 
In addition  to  papers already  quoted  there  are  new  reports to  be mentioned. 
Chambers, Bateman, and Calkins  (5)  in a  study with spread streptococcal nucleo- 
proteins found that the films were capable of reacting with the corresponding anti- 
serum.  The  same  workers  subsequently  investigated  the  specificity  of  films  of 
Lancefield's "M" substance (6).  They observed that even their thinnest film (14/~) 
reacted  specifically  with  homologous  sera.  The  maximum  increase  in  thickness 
varied from 150 7~ for undiluted sera to 50 ~ for diluted sera (1/300).  The maximum 
thickness was obtained in 5 minutes for undiluted sera whereas it required 30 minutes 
to attain the limiting thickness in the case of sera diluted 1/300. 
In general, the various studies on serological  reactions of films have been carried 
out in part with layers of antigens adsorbed on a metal slide covered with stearic acid 
and barium stearate, in which case  the thickness of the layers corresponds at least 
to  the  shortest dimension of the  globular molecules,  but  often very much thicker 
layers are obtained  (7)  and persistence of the original immunological activity may 
well be expected.  In other experiments in which  the antigen is first spread on the 
surface of a buffer solution at a pH near the isoelectric point the thickness of the film 
is only 6 to 8 7~, which corresponds to the average thickness of an extended polypeptide 
chain.  For this reason the use of such monomolecular films, transferred to metal 
slides coated with stearate, is of greater significance for the problem outlined above. 
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EXPERIMENTAL 
Methods.--The films were obtained in the following way.  A few drops of a  1 per 
cent solution of the protein to be spread were placed on a piece of filter paper free from 
any foreign spreading material.  The paper was slowly brought into contact with the 
clean surface of the trough.  Two troughs were used, a small one 50  X  14 cm. made 
of plastic material (plexiglas)  and a large one 90  X  30 cm. made of enameled brass. 
Both trays had a well at one end for the transfer of the film to the chromium slides, 
according to the technique of Blodgett and Langmuir (8).  Films were  compressed 
mechanically by chrome-plated brass barriers.  The small trough was enclosed in a 
dust-proof box to avoid contamination  through the air.  Film pressure was measured 
by the Wilhelmy balance method as recently described by Harkins and Anderson (9). 
The sensitivity was of the order of 1 dyne per centimeter of the scale which could be 
read within a millimeter.  The thickness of the films was determined after transfer 
on chrome-plated slides covered with layers of stearic acid and barium stcarate built 
up in stages ranging from 35 to 51 layers, according to the method of Blodgett and 
Langmuir (8).  The slides had a width of 15 ram. and each of the 10 steps of the optical 
gauge was  1 ram. wide.  The thickness was determined by measuring the angle of 
incidence at which reflected polarized light (polarized in the plane of incidence) from 
two adjacent steps appeared of the same intensity.  The following equation was used 
for the calculation 
[  c°sr  1  t =  24.3  N--  -- N' 
COS r t 
where t is the thickness in fi~, N  the number of stearic acid layers which gives a mini- 
mum intensity in the reflected light for an angle of refraction r, before a protein layer 
has been deposited.  N' is the corresponding number of stearic acid layers after the 
protein layer or layers have been deposited, the angle of refraction being r'.  The 
constant 24.3 is the thickness of a stearic acid molecule in A units as determined by 
Blodgett and Langmuir. 
In the calculation it is assumed (1) that the index of refraction of the protein is the 
same as that of the underlying stearic acid layers, namely 1.495, and (2)  that the 
phase change occurring at the metal interface does not change appreciably within the 
range from i  -- 67  ° to i  =  85  ° (i  =  angle of incidence).  Both of these assumptions 
have been shown by Blodgett and Langmuir to be admissible.  For ease of compu- 
tation a table was prepared giving the value of cosine r as a function of i. 
The pressure applied to the film for the transfer varied from 2 to  10 dynes.  A 
pressure of 2 dynes was sufficient for the transfer on the "down trip" but at least 7 
dynes were necessary on the "up trip" to prevent the layers from slipping back into 
the trough.  Plates coming out of the tray were wet, as is normal with protein films. 
If the plates were washed before drying, only one layer stayed on.  If they were dried 
first, both layers stayed on, but sometimes the top layer could be washed away.  No 
significant difference  was observed in the results, whether a double layer or a single 
layer was used; in most of the reported experiments single layers were used. 
The films obtained with a given protein were not much different in thickness, 6 to 
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ness was found to be independent of the time during which the films had stayed on 
the surface showing that unfolding had been completed when the first transfer was 
made. 
Tests were made in this manner.  After each film had stayed in the trough for a 
determined period, transfers were made to four prepared chrome slides simultaneously 
and the thickness of the films was measured.  A drop of each serum to be tested was 
deposited on a plate and spread to cover the whole useful area.  After an interval of 
2  to 5 minutes, which was found sufficient for the reactiofi to go to completion, the 
plates were washed, first with saline solution, then with water, and the increase in 
thickness measured. 
The proteins used were several times recrystallized hen ovalbumin, twice recrystal- 
lized horse serum albumin, and serum globulin which was prepared from horse serum 
by precipitation between approximately 33 and 50 per cent saturation with ammonium 
sulfate. 
The denatured proteins (ovalbumin, horse serum globulin) used for immunization 
were made in the following manner.  A 1 per cent solution in saline was brought in a 
water bath to 90  °  and kept at this temperature for 5 minutes.  After cooling, the 
coagulated fine flakes were separated, washed twice with water, and suspended in 
saline. 
For the tests a 1 per cent solution of the proteins in water (not saline) was brought 
to a pH of about 8.3 and heated in a water bath at 90  ° for 15 minutes. 
Immune sera for the native proteins were prepared by intravenous injections of 2 
cc. of about 0.5 per cent solutions on 6 successive days, followed by a week's rest.  In 
all, two to four such courses were required.  For the immunization with denatured 
proteins 5 cc. of about 2 per cent suspensions were injected intraperitoneally at 6 day 
intervals; four to six such injections were given.  The sera were drawn a week after 
the last injection. 
RESULTS 
A  representative selection of the experiments with films of ovalbumin and 
horse serum albumin is given in Tables I, II, and III.  It is seen that, in agree- 
ment with results previously obtained, expanded ovalbumin and serum albumin 
films react specifically with immune sera, the increase in thickness upon treat- 
ment with the sera being 30 to 45  ~. with homologous sera, against 5 to 14 .~ 
with  heterologous immune  sera  or normal sera.  The  results  were  the  same 
whether the protein had been spread on buffer solutions of pH 4.6 or 7.3,1 or on 
water.  A  specific difference  between  films  made  with  native  or  denatured 
ovalbumin was not observed when the films were tested with antisera either to 
native  or  heat-denatured  ovalbumin.  The  time  elapsed between  spreading 
and transfer onto the plate, up to 18 hours, had no influence upon the results 
with ovalbumin but some decrease in thickness of the antibody layer taken up 
occurred in the case of serum albumin.  The effect of temperature on the re- 
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activity  of egg albumin  films was  tested  in  the following way:  The  box con- 
taining the trough was heated electrically.  The  temperature  of the bath  was 
TABLE  I 
Reaction of a Double Layer of Egg Albumin Spread on Water, with Homologous  and Heterologous 
lmmune Sera and with Normal Sera 
Thickness of the double layer 15 to 20 ~. 
Antiovalbumin immune sera 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Thickness of adsorbed 
layer 
A 
55,58 
50 
53,59 
49,51 
50,49 
49,50 
42 
56 
49,52 
52,56 
56,52 
47,43 
41 
Normal and heterologous  sera 
No. 
Normal serum 1 
"  2 
"  3 
"  4 
"  5 
"  6 
Anti-horse albumin 
Anti-horse serum 
Anti-horse red cells 
Anti-ox red cells 
Metanilic acid immune serum 
Thickness of adsorbed 
layer 
A 
7,9 
10,6 
9 
12 
10,11 
7,9 
24 
19,10,20 
22 
10,19 
12 
TABLE  II 
Reactions of Monolayers of Ovalbumin and Horse Serum Albumin Spread  at pH  7.3 (Veronal 
Buffer) 
Films 
)valbumin 
5 to 8h 
thick 
Iorse se- 
rum albu- 
min 5 to 
9 ]i thick 
Antiovalbumin 
Time inter-  sera No. 
val  between 
spreading 
and transfer' 
42 43  1  4  11 27 
35  47 
36 
35 46 35 
35 rain.  -- 10 -- 12 -- 
2 hrs.  21  3 --,-- 
16 hrs.  --!  3--'-- 
Anti-horse albumin 
sera No. 
11--i  23 
8  120-30 
26  I  28  30 
10,5  12 
--  8  9 
36  --  34, 29 34, 30 
29 
--  29  27 
29-27  22  -- 
3O 
i 
,bl~,,m 
~6 
9 
9 
10 
9 
9 
--  12  8 
11  12  10 
--  5  12  8 
8  --  --  -- 
12 
8 
z 
7 
85°C.  and that  of the air above the interphase 95°C.  Films tested after they 
had  been kept  at this  temperature  on  the  trough  for  15  minutes  showed  no 
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Experiments were  carried  out  to  see  whether  species specificity could  be 
demonstrated in  the  case  of  closely related ovalbumins.  Films of hen oval- 
bumin (h.o.) and guinea hen ovalbumin (g.o.) were tested against antisera for 
h.o., denatured h.o., and denatured g.o. 
TABLE III 
Reaction of Immune Sera with a Monolayer  of Native  or Denatured Egg Albumin Spread  at 
pH 4.62 (Acetate Buffer,  Ionic Strength 0.05) 
Thickness of ovalbumin layer 5 to 8 ]k.  Figures represent thickness in ~  units of adsorbed 
layer. 
Film 
Native egg 
albumin 
Denatured egg 
albumin 
Sera 
Antiovalbumin No. 39 ................. 
Antiovalbumin No. 40 ................. 
Antiovalbumin No. 42 ................. 
Anfiovalbumin No. 43 ................. 
Anti-denatured ovalbumin No. 44 ....... 
Anti-denatured ovalbumin No. 45 ....... 
Anti-denatured ovalbumin No. 46 ....... 
Anti-denatured ovalbumin No. 47 ....... 
Anti-horse albumin No. 29 ............. 
Anti-horse globulin No. 31 ............. 
Anti-horse blood No. 19 ............... 
Anti-pig blood No. 48 ................. 
Antiovalbumin No. 42 ................. 
Antiovalbumin No. 43 ................. 
Anti-denatured ovalbumin No.44 ....... 
Anti-denatured ovalbumin No. 45 ....... 
Anti-denatured ovalbumin No. 46 ....... 
Anti-denatured ovalbumin No. 47 ....... 
Anti-denatured horse globulin No. 41 ..... 
Anti-horse globulin No. 31 ............. 
Anti-horse albumin No. 29 ............. 
Anti-pig blood No. 48 ................. 
Anti-guinea pig blood No. 34 ........... 
and 
24 hrs. 
..29,29. 
...37... 
...22... 
...36... 
..42,41. 
...43... 
...40... 
• .43,40. 
.... 9 .... 
...3,0... 
....  3  .... 
27,22,27. 
23,31,27. 
..35,46. 
...32... 
...47..2 
46,37,3. 
....  5... 
...10... 
..9,10... 
....  5  .... 
...10 .... 
The  same  increase was  observed when an  h.o.  antiserum was  brought  to 
react  with  a  film  of h.o.  or  g.o.  Also,  no  difference in  thickness increment 
could be  detected when an  h.o.  film was  tested with  denatured  anti-h.o,  or 
anti-g.o., and the same was true  when a  g.o. film was tested with these last 
two antisera.  Dilutions up  to  1/150  did not bring out any difference. 
Antisera to horse serum and human serum were tested against films of serum 
albumin from man, horse, and chicken (Table IV).  It appears from the table 442  SEROLOGICAL REACTIONS OF PROTIENS 
that  the  differences  between  mammalian  and  chicken  albumins  were  very 
marked.  In the case  of horse  and  human  albumin  the  specificity  difference 
becomes  manifest  when  the  immune  sera  were  used  in  dilution;  a  specific 
reaction was still noticeable with serum diluted  1/200 or more. 
Tests with films of native horse serum globulin gave results similar to those 
with  the  albumins;  denatured  globulin  reacted  with  sera  for  denatured  but 
considerably less with antisera to the native protein (Table V).  With globulin 
TABLE IV 
Reactivity of Films of Human and Horse Serum Albumins  Spread at pH  6.4 (Veronal Buger) 
The time interval  between spreading and transfer was 1 hour except in the  lines marked 
with the symbol * where only I0 minutes was allowed. 
Antisera for 
Human serum 
No. 50 
Horse albumin 
No. 38 
Dilution in 1 
per cent NaC1 
Undiluted* 
Undiluted 
1/5 
1/10 
1/20 
1/50 
1/100 
1/200 
1/5oo 
Undiluted* 
Undiluted 
1/5 
1/10 
1/20 
1/50 
1/100 
1/200 
1/500 
Horse albumin films 
22,28,13,13,22 
48,41,22,36,36 
10,14 
3,10 
6,13,5 
10,11,9 
7,9 
8,10,7,14 
14,6 
39,34,43,36,40 
34,33,30,34 
30,23,40,24,27 
29,29 
30,27 
27,21 
21,31 
37,21,24,27,32 
26,29 
Human albumin films 
48,43,53,39,48 
48,34,36,33,32 
42,40 
22,28,22 
21,27,25 
36,22 
40,36 
31,28 
19,10 
37,36,20,29,27 
29,19,31,14,32 
11,13,8 
9,12 
8,5,12 
13,14 
14,12 
3,10 
8,10 
Chicken 
albumin 
films 
7,10,10 
3,8,7 
films it was observed that changes still occurred even after the thickness had 
reached its minimum value.  Upon ageing of the native globulin in the trough 
there  was a  pronounced decrease  in the  specific absorption  of antibodies  for 
native globulin so that after about 3 hours the specificity was abolished.  Simi- 
lar results were obtained when the sera for native and denatured horse globulin 
were diluted  1/10 with saline solution.  The diminished activity could not be 
ascribed  to contamination  in view of the  persistence  of the  activity of oval- 
bumin films.  Films  from native  or denatured  globulin were not inactivated 
when tested with immune sera for denatured horse globulin; in this case specific 
adsorption still took place after 48 hours. A.  I~OTIIEN  AND  K.  LANDSTEINER  443 
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This inactivation of native globulin films with time was observed when the 
films were  kept  under  zero pressure.  In  the  following experiments  the  in- 
fluence of pressure was examined  (Table VI).  The globulin was spread and 
after 2 minutes, when measurement showed that minimum thickness had been 
attained, the film was compressed to 20 dynes; it was found to be still active 
16 hours later, having been decompressed immediately before transfer.  But a 
16 hour  old globulin film, kept active by compression, deteriorated within a 
few  hours after decompression as if it had  not  been previously subjected to 
pressure.  Furthermore, compression of inactivated films did not restitute the 
activity. 
TABLE VI 
Effect of Compression on the Reaai~ity of Globulin Film with Homologous and Heterologous 
Immune Sera 
Figures are thicknesses  of adsorbed protein in/~. 
Sera 
Antiglobulin No. 
31 ............... 
Antiglobulin No. 
32 ............... 
Anti-guinea  pig No. 
34 ............... 
Anti-chicken No. 11. 
Anti-guinea pig No. 
35 ............... 
Anti-pig No. 22 ..... 
S.t. t 
31  17 
27  -- 
10  7 
14  -- 
d 
e~ 
14  30 
10  31 
10,11  9 
12 
o. ~ 
27  11 
34  10 
6  7 
6  8 
e~ 
29  30 
29  31 
7  7 
--  6 
S.t.  o  "~ 
24  14  14 
27  11  17 
7  12  14 
11  12  15 
* S.t. signifies time between spreading and transfer on the plate. 
In  the  course  of  the  experiments the  following observation was  made.  When 
after transfer of an antigen film to the metal slide a double layer of stearic acid-stearate 
was deposited on top of the protein, there was the normal increase of 48 •  in thickness, 
but the plate came out wet instead of dry.  On treatment with a homologous anti- 
serum unexpectedly a specific increase, 30 to 40 ~, was observed; after covering with 
three double layers of stearic acid, instead of one as above, this effect no longer took 
place.  Since a reaction between antigen and antibody, in spite of interposed layers, 
would seem improbable, one must consider that perhaps there were discontinuities or 
uncovered areas in the stearic acid film, or that a  displacement had occurred which 
would bring the protein film above the stearic  layer.  Further examination of the 
phenomenon  would seem desirable. 
Antibody Films.--Experiments on monolayers of antibody globulins were car- 
ried out with type specific rabbit antibodies against pneumococci Types I  and A.  ROTI-I~N AND K.  LANDSTEINER  445 
III3  The antibodies were purified essentially according to Heidelberger and 
Kabat (10), the resulting solutions containing about 60 to 70 per cent specifically 
precipitable  nitrogen.  The tests  could not be made with the technique  used 
for protein antigens because, as had been already observed by Porter and Pap- 
penheimer (11), absorbed polysaccharides form only a thin layer whose thickness 
TABLE VII 
Reactions of Specific  Polysaccharide with a Monolayer of Pneumococcus Antibodies  I  and III 
Spread at pH 7.3 (Veronal Buffer) 
Film 
Antibodies I,  8  to 
12 A thick 
Antibodies III, 8 to 
12 _~ thick 
Time interval 
between 
spreading and 
transfer 
m/n. 
15 
15 
25* 
40 
40 
60 
60 
180 
180 
190" 
240 
240 
1260 
1260 
30 
30 
120 
120 
1020 
1020 
Thickness  of  adsorbed  poly- 
saccharide 
Increase  in  thickness  after 
adsorption of antibodies 
h 
44 
I  III 
h  h 
2 
--  3 
--  0 
5 
--  7 
2,3 
--  3,2 
4,4 
--  2,0 
0 
2,2 
--  0,5 
4,4 
--  5,2 
--  3,7 
3 
--  2,2 
5,2 
--  0,1 
3,2 
45 
47,44 
25,19 
29 
15,15 
24,24 
6 
10,6 
18,17 
III 
h 
12 
15 
10 
18,12 
13,10 
19,10 
25,19 
60,51 
48,45 
60,60 
* Polysaccharide adsorbed 1 month later. 
could not be reliably measured.  Therefore the antibody films, transferred to 
the slides,  were treated for 2 minutes with  1/10 per cent aqueous solutions of 
one or the other polysaccharide, and afterwards the plates were covered with the 
antibody solution corresponding to the polysaccharide used. 
It is  seen  from Table  VII that  films made  with  pneumococcus antibodies 
specifically fixed  the  homologous polysaccharide  since  the  upper  (antibody) 
layer was considerably thicker with the homologous icombinations, which may 
2 We are indebted to Drs. A. F. Coca, Walther Goebel, and Kenneth Goodner for 
kindly providing us with pneumococcus antisera and polysaccharides." 446  SEROLOGICAL  REACTIONS  OF PROTEINS 
be indicated by the type-symbols I I I  or III III III, than with the heterologons 
combinations I  III III or III I I  where the  application of antibody produced 
only a small increase in thickness.  As would be expected in the combinations 
I  III I  and III I  III, which are omitted from the tabulation, the third layers 
were likewise thin. 
The activity of antibody I diminished gradually with the time elapsed between 
spreading and transferring to the plates, but films of antibody III retained their 
activity for at least  18 hours.  Inactivation of films of antibody I  on metal 
slides was not apparent even a  month after transfer. 
Precipitin  Reactions  with Denatured  Proteins.--Although  denaturation  of 
proteins would not seem to involve profound chemical alteration, it has been 
established  repeatedly  that  denaturation  causes  a  considerable  change  in 
serological properties, with the result that the reaction with immune sera for 
the  corresponding native protein is abolished or greatly reduced; vice versa, 
immune sera for denatured protein give weak or negative reactions with the 
native antigen.  It has further been reported that denaturation is accompanied 
by a diminution of species specificity  or, according to severalauthors, destruction 
of the specific serological character of proteins.  Since, as mentioned, denatura- 
tion is believed to be connected with a  disarrangement  of the configuration 
ascribed to coiling of the peptide chains, in which respect denaturation would 
be related to the formation of films, it seemed advisable to examine the specifi- 
city, in the denatured state,  of the proteins that were used for studying the 
reactions of monolayers. 
Tests with rabbit immune sera for native (N) and heat-denatured (D) hen 
ovalbumin gave results essentially confirming those obtained by TenBroeck and 
Wu (12) and others, namely, that each sort of serum was almost specific for the 
corresponding antigen.  Sera for D  ovalbumin gave at most faint traces of 
precipitation with  (high concentrations) N  antigen;  N  immune  sera showed 
reactions of moderate strength with D albumin.  This, however, was probably 
in part at least due to some spontaneous denaturation during storage of the 
ovalbumin  used  for  immunization  because  with  immune  sera  obtained  by 
injection of freshly prepared, only once recrystallized ovalbumin the reactions 
with D  antigens were greatly diminished and occurred only in high antigen 
concentration. 
Sera for N  horse serum albumin gave distinct reactions with the denatured 
antigen, the amount of precipitate being 3 to 6 times greater with N than with D 
serum albumin; whether this is entirely or in part a true cross-reaction has not 
been investigated.  A preparation of D  horse serum globulin, too, gave pre- 
cipitation of moderate strength with antisera for N  horse serum globulin, and 
overlapping reactions occurred with anti-D globulin sera and N  globulin. 
The species specificity of immune  sera prepared with heat-denatured hen 
ovalbumin was tested by volumetric measurement of the precipitates formed A.  ROTHEN  AND  K.  LANDSTEINER  447 
upon complete reaction with denatured ovalbumin of  guinea hen and goose 
added in successive portions.  Seven sera  for heat-denatured hen ovalbumin 
gave the average relative values hen 100, guinea hen 69, goose 36.  Comparison 
with the figures found by Landsteiner and van der Scheer (13) for the reactions 
TABLE VIII 
Predpitin  Tests 
Immune sera to 
Denatured hen 
ovalbumin - 
Absorbed with 
denatured 
guinea hen 
ovalbumin 
~qative  Native hen 
ovalbumin  gt inea hen 
ox albumin 
Denatured  hen ovalbumin  Denatured  guinea hen 
ovalbumin 
0  0  C  £  ++  +4-:  4-  f.tr.  0  0  0  0 
0  G C  0  ++4- ++  4-  f.tr.  f.tr.  0  0  0 
Unabsorbed  0  C  0  0  ++  ++  4-  0  ++  +4-  4-  0 
diluted 1/4  C  0!  0  0  ++4- ++!  -¢-  0  ++4- ++  ~  0 
Denatured guinea  ~  [ 
hen ovalbumin 
Absorbed with  i 
denatured hen  C  C  0  0  0  0  0  0  +  +4-]  4-  0 
ovalbumin  0  C  0  0  0  0  0  0  ++  +4-  4-  0 
Unabsorbed  ]  +4-  ++  tr.  0  +  +4-  4-  far. 
diluted 1/4  --}-+  ++  4-  0  ++4- ++  ~/~  f.tr. 
The immune sera were exhausted with solutions of denatured hen or guinea hen ovalbumin. 
For the tests 0.2 cc. of absorbed serum was added to 0.05 cc. of antigen dilutions expressed in 
terms of dry weight.  Readings were taken after  1 hour at room temperature  (1st line) and 
after standing overnight in the ice box (2nd line). 
of native hen ovalbumin immune sera with the native proteins (hen 100, guinea 
hen 42, goose 19) indicates some decrease but certainly no abolition of species 
specificity?  Similar results were obtained with ovalbumins treated with half 
concentrated hydrochloric acid for  15  minutes when tested  against immune 
sera to HCl-treated hen ovalbumin.  Five such sera yielded the average figures: 
hen 100, guinea hen 73, goose 34. 
3 It  should be mentioned that  the antisera to  denatured ovalbumin had a  dis- 
tinctly lower antibody content than those produced with the native protein although 
giving quite satisfactory precipitin reactions. 448  SEROLOGICAL  REACTIONS  OF  PROTEINS 
In absorption tests the preservation of specificity of denatured ovalbumin 
was strikingly demonstrable (cf.  Mizokuti (14)).  Such experiments are pre- 
sented in Table VIII and show that  after exhaustion of a  serum for D  hen 
ovalbumin with D  guinea hen ovalbumin it still reacted markedly with the 
former and no longer with the latter: a converse experiment with serum for D 
guinea hen ovalbumin gave an analogous result.  Likewise, in specificity tests 
with sera for D  horse serum globulin and denatured serum globulin of horse, 
ox, cat, and chicken pronounced species specificity of the denatured proteins 
was demonstrable. 
COMMENT 
The specific absorption of antibodies by protein films indicates that structures 
other than those resulting from the folding of the molecules into compact shape 
partake in the serological reactivity of proteins.  This may be .explained by 
assuming that the constitution of the peptide chain itself furnishes the combin- 
ing pattern.  Another  interpretation  is  that  advanced  by Pauling  (15)  (cf. 
Wrinch (16)) "that the process of surface denaturation involves the unleafing 
of the layers without the loss of their structure" (so that the folding in each 
layer would  be  like  that  in  the  original  protein).  This  concept of a  two- 
dimensional pattern may perhaps seem to be supported by the inactivation of 
globulin monolayers upon being kept on the water surface.  On the other hand, 
ovalbumin monolayers did not degenerate under the same conditions and there 
are  experiments  which  indicate  that  peptide  chains  as  such  can  suffice as 
determinants for the reaction with protein antibodies.  Pertinent in this con- 
nection are specific inhibition reactions of dialysable split products of proteins 
(17)  and  the  existence  of  antibodies  to  fibrous proteins,  keratin  (18),  and 
silk  (19).  That  after heat  denaturation  proteins  still  exhibit  very definite 
species specificity, even if to a somewhat lesser degree than in the native state, 
is difficult to harmonize, without further theorizing, with the current idea that 
denaturation goes hand in hand with disruptive breaking of the bonds which 
hold the folded peptide chain in a fixed configuration, and that it is this struc- 
ture which is responsible for the specific reactions of the native protein.  How- 
ever, the  reason for the  marked difference in serological properties between 
native and  denatured proteins, which  bears upon this  question, has not yet 
been determined with certainty. 
The observations that films made from N  and D  ovalbumin, supposed in 
both cases to consist of denatured protein, appeared to react similarly with 
either N  or D  antisera, are in contrast to the results of precipitin reactions 
and therefore call for further investigation. 
From the results with antibody films it may be inferred that also the reactivity 
of antibodies does not necessarily depend upon the "globular" configuration of 
the molecule.  This however, does not exclude an arrangement due to "second- A. ROTHEN  AND  K. LANDSTEINER  449 
ary" linkages, in a plane, and it is possible that antibodies exist which on account 
of a  more complex structure would be inactivated by spreading.  It  should 
further be mentioned that in experiments of Danielli, Danielli, and  Marrack 
(20) antibody films were found to be inactive.  As suggested previously (4), if 
one may assume a  great variety of structures due to folding of the peptide 
chain this would help to explain that out of the globulin of one species a vast 
number of different antibodies can be fashioned, very similar if not identical 
both in chemical composition and antigenically.  From other considerations 
the concept of coiling of peptide chains as basis of antibody structure has been 
emphasized and  elaborated by Pauling  (15). 
SUMMARY 
Films of several proteins, hen ovalbumin, horse and human serum albumins, 
and globulins were found to combine specifically with antibodies, showing that 
the reactions can take place independently of the structure which secures the 
compact shape  of the  protein molecule.  Serum globulin films differed from 
ovalbumin in that they lost their reactivity when kept on the water surface. 
Species specific reactions were observed with films of serum albumin and suit- 
ably diluted antisera, and likewise in the customary precipitin tests in which 
immune sera for denatured hen ovalbumin were tested against ovalbumin of 
other species.  Specific fixation was also observed upon exposing monolayers 
of purified antibodies for pneumococci of Types I and III to the corresponding 
polysaccharides. 
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